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FIG.6
S100

STORE A GROUP OF THREE-DIMENSIONAL
VOLUME DATASETS
5101

OBTAIN THE POSITIONS OF POINTS IN THE HEART
THAT ANATOMICALLY CORRESPOND TO EACH OTHER
IN THREE-DIMENSIONAL VOLUME DATASETS

5102
OBTAIN FUNCTION INFORMATION ABOUT
EACH POINT OF THE HEART

5103

GENERATE AND DISPLAY IMAGE, IN WHICH A COLOR
BASED ON THE VALUE OF FUNCTION INFORMATION
IS ARRANGED AT EACH POINT OF THE HEART
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CARDIAC FUNCTION ANALYSIS
APPARATUS, METHOD AND PROGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a cardiac function analysis
apparatus and method for displaying a cardiac function. Fur-
ther, the present invention relates to a computer program for

the apparatus and the method.
2. Description of the Related Art

Conventionally, in cardiac motion analyses using CT
images obtained 1n a plurality of different phases (temporal
phases), slice images (short-axial images) 1n the short-axial
direction of a heart are obtained from a three-dimensional
image that has been obtained in each of the phases. Then,
outlines R1, R2, R3 and R4 of the cardiac muscle wall in each
of the phases are extracted from the slice 1mages at corre-
sponding positions (please refer to FIG. 8 A, which 1s a dia-
gram 1llustrating a heart in diastole (relaxation period), and
FIG. 8B, which 1s a diagram illustrating the heart 1n systole
(contraction period)). Then, outlines R1 and R3 of the cardiac
muscle wall (inner surface) at a cross section on a line inter-
secting the same position of long axis L are obtained. Further,
a difference between the outlines R1 and R3 1s used as an
amount of the motion of the cardiac muscle wall (please refer
to FI1G. 8C). This processing 1s performed at each position of
short-axial cross sections that are orthogonal to the long axis
of the heart from the cardiac apex to the cardiac base. Then,
the obtained result 1s output as a three-dimensional analysis
result.

Further, as a method for displaying such a cardiac motion
analysis result, a bull’s-eye display method has been used. In
the bull’s-eye display method, when a heart 1s assumed to
approximate an ellipsoid model, the result 1s displayed by
concentrically arranging sliced planes that have been
obtained by slicing the ellipsoid at constant intervals 1n a
direction traversing the long axis of the ellipsoid. This display
method 1s mainly used for function images. Further, this
display method 1s used to display images directly obtained by
cardiac muscle scintigraphy (SPECT; single photon emission
computed tomography) and functions obtained from the
result of analysis using C'T (computed tomography) or MRI
(magnetic resonance imaging) (for example, U.S. Patent
Application Publication No. 20050008209).

When the aforementioned result of analysis 1s obtained by
using the CT or MRI, the motion of the heart 1n a radial
direction from the center of the short-axial image of the heart
1s observed. However, the actual motion of the heart includes
rotation and twisting motion in addition to relaxation and
contraction. Therefore, the alorementioned result of analysis
does not retlect the function of the heart based on the actual
motion of the heart.

SUMMARY OF THE INVENTION

In view of the foregoing circumstances, 1t is an object of the
present invention to provide a cardiac function analysis appa-
ratus and method that can accurately evaluate the cardiac
function and a program for the apparatus and method.

A cardiac function analysis apparatus according to the
present 1vention 1s a cardiac function analysis apparatus
comprising;

a volume data storage means for storing a group of three-
dimensional volume datasets that have been obtained by
imaging the heart of a subject at predetermined time intervals;
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2

a position obtainment means for obtaining the positions of
points 1n the heart that are present in at least two three-
dimensional volume datasets 1n the group of three-dimen-
sional volume datasets, the points anatomically correspond-
ing to each other, and the at least two three-dimensional
volume datasets having been obtained by imaging at different
time from each other;

a function information obtainment means for obtaining,
based on each of the positions of the corresponding points in
the heart, which have been obtained by the position obtain-
ment means, function information representing the function
of the heart at each point within a three-dimensional space;
and

a display means for displaying, based on the function infor-
mation, which has been obtained by the function information
obtainment means, the motion function of the heart at each of
the points 1n an 1mage that has the shape of the heart of the
subject.

Further, a program according to the present invention is a
program for causing a computer to function as:

a position obtainment means for obtaining the positions of
points 1n the heart of a subject that are present 1n at least two
three-dimensional volume datasets in a group of three-dimen-
sional volume datasets that have been obtained by imaging
the heart of the subject at predetermined time intervals, the
points anatomically corresponding to each other, and the at
least two three-dimensional volume datasets having been
obtained by 1imaging at different time from each other;

a Tunction information obtainment means for obtaining,
based on each of the positions of the corresponding points in
the heart, which have been obtained by the position obtain-
ment means, function information representing the function
of the heart at each point within a three-dimensional space;
and

a display means for displaying, based on the function infor-
mation, which has been obtained by the function information
obtainment means, the motion function of the heart at each of
the points 1n an 1mage that has the shape of the heart of the
subject.

Further, a cardiac function analysis method according to
the present invention 1s a cardiac function analysis method
comprising the steps of:

obtaining the positions of points in the heart of a subject
that are present 1n at least two three-dimensional volume
datasets 1n a group of three-dimensional volume datasets that
have been obtained by imaging the heart of the subject at
predetermined time intervals, the points anatomically corre-
sponding to each other, and the at least two three-dimensional
volume datasets having been obtained by imaging at different
time from each other;

obtaining, based on each of the positions of the correspond-
ing points 1n the heart, which have been obtained in the
position obtainment step, function information representing
the Tunction of the heart at each point within a three-dimen-
sional space; and

displaying, based on the function information, which has
been obtained 1n the function information obtainment step,
the motion function of the heart at each of the points in an
image that has the shape of the heart of the subject.

The “function information representing the function of the
heart” 1s an imdex for evaluating the motion function of the
heart. For example, the function information 1s obtained from
an amount of displacement when corresponding points of the
heart have moved, the thickness of the cardiac wall, the diam-
cter of the ventricle (cardiac ventricle) or the like.

The function information may represent an amount of
change in the thickness of the cardiac wall of the subject or a




US 8,059,876 B2

3

rate of increase 1n the thickness of the cardiac wall of the
subject based on the thickness of the cardiac muscle of the
subject at each of the points.

The function information may represent a difference
between the diameter of a cardiac ventricle i diastole and
that of the cardiac ventricle 1n systole at each of the points.

Further, the function information may represent an amount
ol displacement between the corresponding points.

Further, the display means may optionally assign, based on
the value of the function information, a diftferent color to each
point on the 1mage that has the shape of the heart of the
subject.

In the present invention, the positions of points 1n a heart
that are present in at least two three-dimensional volume
datasets that have been obtained at different time from each
other, the points anatomically corresponding to each other,
are obtained. Then, the function of the heart at each of at least
two corresponding points 1s obtained. Further, the motion
function of the heart, based on the motion of the heart, 1s
displayed in an 1image that has the shape of the heart of the
subject. Therefore, 1t 1s possible to evaluate the motion func-
tion of the heart so that the actual function of the heart, which

includes rotation and twisting motion in addition to relaxation
and contraction, 1s reflected.

Further, the function of the heart may be evaluated by
obtaining an amount of displacement of corresponding points
in the heart, an amount of change 1n the thickness of the
cardiac wall or arate of increase 1n the thickness of the cardiac
wall, which 1s obtained from the thickness of the cardiac
muscle, or a difference between the diameter of a cardiac
ventricle 1n diastole and that of the cardiac ventricle 1n sys-
tole. Accordingly, it becomes possible to quantitatively
express the motion function of the heart.

Further, when the function 1s displayed, 1f a different color
1s assigned, based on the value of the function information, to
cach point (arranged at each point) on the 1mage that has the
shape of the heart, a user can distinguish a malfunctioning
region of the heart from a normal region, which 1s functioning
well.

Note that the program of the present invention may be
provided being recorded on a computer readable medium.
Those who are skilled in the art would know that computer
readable media are not limited to any specific type of device,
and include, but are not limited to: loppy disks, CID’s RAM’s,
ROM’s, hard disks, magnetic tapes, and internet downloads,
in which computer instructions can be stored and/or transmiut-
ted. Transmission of the computer instructions through a
network or through wireless transmission means 1s also
within the scope of this invention. Additionally, computer
instructions include, but are not limited to: source, object and
executable code, and can be 1n any language including higher
level languages, assembly language, and machine language.

[l

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram 1llustrating the configuration
of a cardiac function analysis apparatus according to the
present invention;

FIG. 2A 1s a diagram (No. 1) for explaining a method for
transforming a three-dimensional space;

FIG. 2B 1s a diagram (No. 2) for explaining a method for
transforming a three-dimensional space;

FI1G. 3 1s a diagram (No. 1) for explaining position-match-
12,

FI1G. 4 1s a diagram (No. 2) for explaining position-match-
12,
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4

FIG. 5 1s a diagram 1llustrating an example of an 1mage 1n
which colors corresponding to function information are

arranged 1n an 1mage that has the shape of a heart;

FIG. 6 15 a flowchart for explaining the flow of processing,
by the cardiac function analysis apparatus;

FIG. 7 1s a diagram 1llustrating the movement of the posi-
tions of points that anatomically correspond to each other;

FIG. 8A 1s a diagram 1llustrating a heart in diastole;

FIG. 8B 1s a diagram illustrating the heart 1n systole; and

FIG. 8C 1s a diagram for explaining the positions of the
cardiac muscle wall 1n diastole and 1n systole and the function
of the heart.

(L]
Y

ERRED

DESCRIPTION OF THE PR.
EMBODIMENTS

Heremafiter, embodiments of a cardiac function analysis
apparatus according to the present mmvention will foe
described 1n detail with reference to the attached drawings.
FIG. 11s a schematic diagram 1llustrating the configuration of
the cardiac function analysis apparatus according to the
present mvention. The configuration of a cardiac function
analysis apparatus 1, as illustrated 1n FIG. 1, 1s realized by
causing a computer to execute a cardiac function analysis
program that has been 1nstalled 1n an auxiliary storage appa-
ratus. The cardiac function analysis program 1s stored on a
computer-readable storage medium, such as a CD-ROM
(compact disc read-only memory), or distributed through a
network, such as the Internet, and installed 1 the computer.

The cardiac function analysis apparatus 1 according to the
present invention includes a volume data storage means 10, a
position obtainment means 20, a function information obtain-
ment means 30 and a display means 40. The volume data
storage means 10 stores a group 110 of three-dimensional
datasets, which includes a plurality of three-dimensional vol-
ume datasets 100 that have been obtained by imaging the
heart of a subject at predetermined time intervals. The posi-
tion obtainment means 20 obtains the positions of points in
the heart that are present in at least two three-dimensional
volume datasets, the points anatomically corresponding to
cach other. The function information obtainment means 30
obtains, based on the positions of the anatomically corre-
sponding points 1n the heart, that are present 1n at least two
three-dimensional volume datasets, function information
representing the function of the heart at each point within a
three-dimensional space. The display means 40 displays,
based on the function information, the motion function of the
heart at each of the points 1n an 1mage that has the shape of the
heart of the subject.

The three-dimensional volume dataset 100 1s obtained by
superposing, one on another, two-dimensional slice 1image
datasets that are sequentially obtained along a direction per-
pendicular to the slice planes of a diagnosis target, such as a
heart. The three-dimensional volume dataset 100 1s generated
by superposing, one on another, a plurality of tomographic
images obtained by a CT apparatus, a MRI apparatus or the
like. For example, a volume dataset Obtained by using the CT
apparatus includes a dataset storing an absorption amount of
X-rays for each voxel and a specific voxel value (if the dataset
1s obtained by 1maging by the CT apparatus, a value repre-
senting an absorption amount of X-rays) 1s given to each
voxel.

The group 110 of three-dimensional volume datasets
includes a plurality of three-dimensional volume datasets
100. For example, a subject 1s imaged at constant time 1nter-
vals At and a series of three-dimensional volume datasets 100
are obtained by imaging at time t1, t2, . . ., tn.
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The volume data storage means 10 1s a high-capacity stor-
age apparatus, such as a hard disk. The group 100 of three-
dimensional volume datasets 1s stored in the volume data
storage means 10.

The position obtainment means 20 obtains the positions of
points 1n the heart that are present 1 at least two three-
dimensional volume datasets 100 that have been obtained by
imaging at different time, the points anatomically corre-
sponding to each other between the at least two three-dimen-
sional volume datasets 100.

Specifically, position-matching (positioning or registra-
tion) 1s performed between two three-dimensional volume
datasets 100 that have been obtained in different phases,
namely at time t and at time t+At. Position-matching 1s per-
formed 1n such a manner that the voxel value of the three-
dimensional volume dataset in one phase (at time t) and that
of the three-dimensional volume dataset 1n the other phase (at
time t+At) become the same. Accordingly, the positions of
points 1n the heart that anatomically correspond to each other
are obtained. Further, as time passes, position-matching 1s
sequentially performed between, at least two three-dimen-
sional volume datasets that have been obtained 1n different
phases. Accordingly, 1t 1s possible to obtain the positions of
the anatomically corresponding points 1n the heart at least in
two different phases.

Position-matching may be performed, for example, by
using a position-matching method, in which an 1image within
a three-dimensional space 1s transformed by transforming the
three-dimensional space. First, as illustrated in FIG. 2A,
B-spline control points (squares 1n FIG. 2A) are arranged 1n
three-dimensional grid format constant intervals (distances)
within the three-dimensional space. Then, the control points
are moved 1n the directions of arrows. Consequently, the
three-dimensional space 1s transformed, as illustrated 1n FIG.
2B. Further, the three-dimensional space 1s transformed so
that the shape (solid line) of the heart at time t and the shape
(broken line) of the heart at time t+At, as 1llustrated in FIG. 3,
become the same (please refer to FIG. 4). Specifically, posi-
tion-matching 1s performed by searching for positions that are
most similar to each other by using a SID (squared intensity
difference) method or a cc (correlation coetlicient) method. In
the SID method, positions at which the square of a difference
between two 1mages becomes small are obtained. In the CC
method, positions at which a correlation coetficient becomes
high are obtained. It 1s possible to obtain, based on the result
of position-matching, the positions of points 1n the heart that
anatomically correspond to each other. Here, a case, in which
the three-dimensional space 1s transformed by moving the
B-spline control points, has been explained. However, the
three-dimensional space may be transformed by describing,
the space by using another interpolation formula.

The function information obtainment means 30 obtains,
based on the position of each of anatomically corresponding,
points 1n the heart, function information representing the
function of the heart by using at least two three-dimensional
volume datasets 100. The motion function of the heart 1s
evaluated based on the motion of the heart, which repeats
relaxation and contraction. However, the actual motion of the
heart includes rotation and twisting motion 1n addition to
motion 1n a radial direction from the center of the heart. The
function of the heart can be evaluated based on an amount of
displacement of corresponding points 1n the heart, an iner
diameter of a cardiac ventricle, the thickness of a cardiac
muscle or the like. Theretore, the function information 1s
obtained from the amount of displacement of corresponding
points 1n the heart in different phases, the inner diameter of
the cardiac ventricle or the thickness of the cardiac muscle.
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6

Specifically, as the function immformation, an amount of
displacement of corresponding points 1n a cardiac wall, an
amount of change in the thickness of the wall, a rate of
increase 1n the thickness of the wall, an amount of motion of
the wall and the like are obtained. The amount of change in
the thickness of the wall 1s represented by a difference
between the thickness of the cardiac muscle 1n diastole and
that of the cardiac muscle 1n systole. The rate of increase in
the thickness of the wall 1s a value of B-A/A, where value A
1s the thickness of the cardiac muscle in diastole and B 1s the
thickness of the cardiac muscle 1n systole. The amount of
motion of the wall 1s a difference between the diameter of the
cardiac ventricle in diastole and that of the cardiac ventricle in
systole.

The display means 40 displays, based on the function infor-
mation, the cardiac function at each point of the heart 1n an
image that has the shape of the heart. Specifically, color
components r, g and b are assigned to each of points 1n the
cardiac wall 1n such a manner that the color components r, g
and b correspond to the sizes of components X, y and z of a
three-dimensional vector representing dlsplacement of the
respective points. Accordingly, a color corresponding to the
value of function information about each point 1s arranged
and the direction, of the motion of the cardiac wall 1s visual-
1zed (Please refer to FIG. 5. In FIG. 5, hatching 1s used to
represent a different color.). Further, cardiac function with
respect to other kinds of function information can be visual-
1zed by arranging a color corresponding to the value of the
function information about each point in the cardiac wall. If
colors based on the function are arranged on the shape of the
heart, i1t 1s possible to immediately recognize the level of,
functioning (performance) of the heart at each point. Further,
the cardiac function may be displayed by changing textures
instead of the colors. Further, numerical values representing
function information may be displayed at each of correspond-
ing positions in the heart.

Next, the tlow of processing for generating an 1mage rep-
resenting cardiac function by using the cardiac function
analysis apparatus according to the present imnvention will be
described with reference to the tlowchart illustrated in FI1G. 6.

A group 110 of three-dimensional volume datasets that
have been obtained by 1imaging a subject, which 1s a diagnosis
target, at time 1ntervals At by using a C'T apparatus or the like
1s stored 1n a hard disk (storage means 10) (step S100).

Next, the position obtainment means 20 obtains the posi-
tions of points in the heart, the points anatomically corre-
sponding to each other and being present 1n each of three-
dimensional volume datasets 1n the group 110 of three-
dimensional volume datasets (step S101). The motion of the
heart includes, twisting motion because of the presence of
diastole and systole. Therefore, each of the points 1n the heart
that anatomically corresponding to each other are situated at
twisted positions, as illustrated 1n FIG. 7.

Therefore, the function information obtainment means 30
obtains an amount of displacement of corresponding points,
an amount of change in the thickness of the cardiac wall, arate
of increase 1n the thickness of the cardiac wall, an amount of
motion of the cardiac wall or the like, as function information.
These kinds of function information are obtained based on the
positions of points 1n the heart that anatomically correspond
to each other, the thickness of the cardiac muscle or the
diameter of the cardiac ventricle 1n at least two three-dimen-
sional volume datasets (step S102). The display means 40
displays an image 1n which a color corresponding to the value
of function information that has been obtained by the function
information obtainment means 30 1s arranged at each position
on the shape of the heart (step S103).
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As described above 1n detail, it becomes possible to display
cardiac motion function that has been evaluated so as to
reflect the actual motion of the heart, which includes rotation
and twisting motion in addition to relaxation and contraction.

What 1s claimed 1s:

1. A cardiac function analysis apparatus comprising:

a volume data storage means for storing a group of three-
dimensional volume datasets that have been obtained by
imaging the heart of a subject at predetermined time
intervals:

a position obtainment means for obtaining the positions of
points 1n the heart that are present 1n at least two three-
dimensional volume datasets in the group of three-di-
mensional volume datasets, the points anatomically cor-
responding to each other, and the at least two three-
dimensional volume datasets having been obtained by
imaging at different time from each other;

a function mformation obtainment means for obtaining,
based on each of the positions of the corresponding
points 1n the heart, which have been obtained by the
position obtainment means, three dimensional displace-
ment vectors that represent displacements of the heart
among the corresponding points as function information
representing the function of the heart at each point
within a three-dimensional space; and

a display means for assigning colors that respectively rep-
resent the direction of the three dimensional displace-
ment vectors to each point of the heart based on the
function information, which has been obtained by the
function information obtainment means, and displaying
the colors assigned to each point at the positions of each
of the points 1n an 1mage that has the shape of the heart
of the subject.

2. A cardiac function analysis apparatus, as defined in
claam 1, wherein the function information represents an
amount of change in the thickness of the cardiac wall of the
subject or a rate of increase in the thickness of the cardiac wall
of the subject based on the thickness of the cardiac muscle of
the subject at each of the points.

3. A cardiac function analysis apparatus, as defined in
claim 1, wherein the function information represents a differ-
ence between the diameter of a cardiac ventricle 1n diastole
and that of the cardiac ventricle 1n systole at each of the
points.

4. A cardiac function analysis apparatus as defined 1n claim
1, wherein:

the display means assigns color components correspond-
ing to the sizes o X, y, and z components of the displace-
ment vectors as the colors that represent the directions of
the displacement vectors.

5. A non-transitory computer readable medium having a

program for causing a computer to function as:
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a position obtainment means for obtaining the positions of
points 1n the heart of a subject that are present 1n at least
two three-dimensional volume datasets 1 a group of
three-dimensional volume datasets that have been
obtained by imaging the heart of the subject at predeter-
mined time intervals, the points anatomically corre-
sponding to each other, and the at least two three-dimen-
stonal volume datasets having been obtained by imaging,
at different time from each other;

a Tunction information obtainment means for obtaining,
based on each of the positions of the corresponding
points 1n the heart, which have been obtained by the
position obtainment means, three dimensional displace-
ment vectors that represent displacements of the heart
among the corresponding points as function information
representing the function of the heart at each point
within a three-dimensional space; and

a display means for assigning colors that respectively rep-
resent the direction of the three dimensional displace-
ment vectors to each point of the heart based on the
function information, which has been obtained by the
function information obtainment means, and displaying
the colors assigned to each point at the positions of each
of the points 1n an 1mage that has the shape of the heart
of the subject.

6. A cardiac function analysis method comprising the steps

of:

obtaining the positions of points in the heart of a subject
that are present 1n at least two three-dimensional volume
datasets 1n a group of three-dimensional volume datasets
that have been obtained by imaging the heart of the
subject at predetermined time intervals, the points ana-
tomically corresponding to each other, and the at least
two three-dimensional volume datasets having been
obtained by imaging at different time from each other;

obtaining, based on each of the positions of the correspond-
ing points in the heart, which have been obtained 1n the
position obtainment step, three dimensional displace-
ment vectors that represent displacements of the heart
among the corresponding points as function information
representing the function of the heart at each point
within a three-dimensional space; and

assigning colors that respectively represent the direction of
the three dimensional displacement vectors to each point
of the heart based on the function information, which has
been obtained in the function information obtainment
step; and displaying the colors assigned to each point at

the positions of each of the points 1n an 1image that has
the shape of the heart of the subject.
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